As people spend most of their time at home, residential thermal conditions are important. Central government debate about minimum temperature requirements for rental properties requires an evidence base of indoor temperature data. We collected temperature, humidity and energy data from 49 council housing dwellings in Wellington over winter, and self-reported thermal comfort and heating behaviour. Mean indoor temperature was 14.9°C, colder than the national average, with 67% of readings under 16°C, which the World Health Organization associates with health implications. With New Zealand's high rate of excess winter mortality and children hospitalised for housing-related diseases, cold housing should be addressed.
Getting an Upgrade
N ew Zealand housing is cold. New Zealand houses are often poorly constructed and heated, and indoor temperatures tend to be colder than 18°C, the World Health Organization's (WHO) recommended minimum (Howden-Chapman, Viggers et al., 2009) . In other temperate countries, such as the United Kingdom, 91% of homes have central heating, compared to only 5% of New Zealand homes (Isaacs et al., 2010) . In the latest New Zealand national study, conducted in 1999-2005, the mean living room temperature recorded was 15.8°C during the day in winter (ibid.). In the evening, average living room temperature rose to 17.8°C, but this is still below the recommended minimum level. Typically, rental housing is in worse condition than owner-occupied houses (White et al., 2017) .
Household temperature is a topical issue in New Zealand politics. In 2016 the Labour Party's Healthy Homes Guarantee Bill (No 2) proposed a set minimum indoor temperature for all rental properties, and a number of councils are undertaking a quasi-experimental study with researchers to introduce a rental warrant of fitness (Telfar-Barnard et al., 2017) . Despite this, little has been published on indoor temperature measurements in New Zealand homes to inform the policy debate.
To the authors' knowledge only two national studies on residential temperature have been completed, the 1971/72 Household Electricity Survey and the Household Energy End-use Project (HEEP) conducted between 1999 and 2005 (Isaacs et al., 2010) . Eight more concentrated studies which utilise temperature There is growing evidence of cold housing increasing health risks, and international guidelines are currently being finalised by the WHO (Telfar-Barnard et al., 2017) . Increased risk of respiratory and cardiovascular disease is associated with low indoor temperatures (see Table 1 ). In New Zealand, 42,000 children are hospitalised annually with housing-related diseases (Hansard, 2016a) . According to Davie et al. (2007) , New Zealand also has one of the highest excess mortality rates in the world. The excess winter mortality (EWM) phenomenon is where a greater proportion of deaths occur in winter compared to summer. New Zealand data shows excess hospital admissions in winter for those with lower household income and in certain housing types (Hales et al., 2012; Telfar-Barnard, Baker and Hales, 2008) . In comparison, when outdoor temperature dropped below -20.0°C in Siberia the average indoor temperature was noted to be 19.6°, and no evidence of overall EWM was found (Donaldson et al., 1998) .
In New Zealand, those of lower socioeconomic status are more vulnerable to most health effects (Taptiklis and Phipps, 2017) . On average New Zealanders spend 70% of their time at home indoors, with vulnerable populations (such as babies, the elderly and those on low incomes) spending up to 90% of their time at home , making them even more susceptible to housing-related health risks. Fuel poverty, where a household spends more than 10% of its income on energy, is recognised as an issue for a substantial proportion of New Zealand households, and further exacerbates potential health issues for low-income households (Howden-Chapman, Viggers et al., 2012; Statistics New Zealand, 2017) . Therefore, it is particularly important to investigate lowincome housing conditions, specifically temperatures and tenants' thermal comfort in social housing.
Background to the research
Wellington City Council, with co-funding from central government, has undertaken to upgrade its council housing (Stitt, 2013 ). An assessment of the council's housing in 2006 found moisture problems in dwellings in Arlington, the largest council housing complex, and tenants complained of being cold.
Arlington is the focus of our study. Stage one of the complex was built between 1971 and 1976, and the final stage was completed between 1981 and 1984. Before the upgrade began there were 269 dwellings on the site: 75 apartments in a high-rise tower, 172 medium-density apartments, two apartments above the community house and 20 townhouses, ranging in size from studios to five-bedroom dwellings. This differs from the average New Zealand home, which is a stand-alone house.
Arlington's redevelopment commenced in 2016. At least one section has been demolished and will be rebuilt to create 'warm, healthy and efficient housing' with the aim of 'safeguard[ing] people from illness caused by low temperature and high moisture levels ' (Wellington City Council, 2016, pp.21, 92) . The council's City Housing Design Guide states that a heater is to be provided in each living space, with a target indoor temperature of 16-19°C. Insulation, double glazing and curtains will be installed to increase thermal performance and mechanical/forced ventilation in bathrooms and kitchens to reduce dampness.
The intervention provided an opportunity to investigate the temperature of the dwellings and the upgrade's impact. This article looks at the condition of the housing before the upgrade.
The research

Objectives
The objectives of this research were to: 1. determine indoor temperatures at Arlington and contribute to indoor temperature data for New Zealand; 2. provide a baseline for understanding the impact of upgraded dwellings; Ormandy and Ezratty (2012) 3. look at how temperatures compared with New Zealand homes and WHO recommendations.
Method
We surveyed tenants about the warmth of their home and monitored temperature, humidity and energy usage of dwellings. Heating, house age, thermal insulation and outdoor temperatures influence indoor temperatures and were taken into consideration (French et al., 2006; Giancola et al., 2014; Howden-Chapman, Matheson et al., 2007) . We intend to collect follow-up data after the upgrade.
Recruitment
A list of eligible dwellings was provided by the landlord, City Housing. The research was introduced to tenants at a community meeting and in a tenant newsletter. The study was fully explained to tenants when recruiting participants via door knocking and an information sheet was provided.
Sample
The study's inclusion criteria were Arlington tenants willing to answer a faceto-face survey and allow temperature monitoring of their dwelling. Viable temperature data were collected from 49 dwellings. Seventy-eight tenants, over the age of 16, who lived in these dwellings completed face-to-face surveys about indoor thermal comfort.
Temperature and humidity measurement
Ibuttons and HOBO data loggers were installed in participants' homes over the winter months, June, July and August 2015. These are small, robust data loggers, programmed to record temperature and humidity every hour within ±0.5°C and ±5.0% RH accuracy (Maxim Integrated, 2014; OneTemp, 2015) . In total 124 data loggers were installed, typically in the living room and the main bedroom. If children were living in the dwelling a third data logger was placed in the youngest child's room. In studios, only one data logger was placed in the main room. One hundred and two data loggers produced viable results from 49 dwellings. Other data loggers were lost, had been moved, or the tenants had moved out. Two were faulty.
Hourly outdoor temperature and humidity was sourced from MetService's Wellington airport climate monitoring station, located less than 5km from the complex.
Energy usage information
Electricity information was sourced as a proxy for heating behaviour. Valid energy meter readings were obtained for 48 of the 49 dwellings with viable temperature data for a five-week period over winter. Gas is not permitted on City Housing sites (Wellington City Council, 2015a).
Data analysis
Data collected from data loggers, energy meter readings and surveys were compiled together. Data were then analysed to explore the distribution of indoor temperatures, and tenants' thermal comfort and heating behaviour. We examined the strength of the relationship between the indoor temperature and influential factors such as outdoor temperature and energy usage. Results were also compared with the most recently recorded New Zealand indoor temperatures. 
Results
Indoor temperatures ranged from 6.0°C to 28.5°C, with a mean temperature of 14.9°C. Most of the time (87%), indoor temperatures were lower than WHO recommendations (see Table 2 and Figures 1 and 2 ). Two thirds of the time indoor temperatures were less than 16°C, where resistance to respiratory disease is diminished, and 9% of the time dwellings were at temperatures of less than 12°C, with increased risk of cardiovascular Analysis of survey data found that 42% claimed their homes were 'often' or 'always' cold throughout the year, 51% 'sometimes' and 8% 'rarely' or 'never' cold. In comparison, a city-wide survey found only 15% of Wellingtonians thought their homes were 'often' or 'always' cold, 44% 'sometimes' and 41% 'rarely' or 'never' cold (Wellington City Council, 2015b) .
Participants' reports of thermal comfort at Arlington were compared with temperature readings (see Table 3 ). There was a slight decrease in the proportion of time dwellings were at lower temperatures across those rating their homes as 'always' , 'often' and 'rarely' cold. The proportion of time dwellings were at lower temperatures in households rated as 'sometimes' cold by the occupants disrupted this trend. This is likely to be because respondents who did not know what to select chose the middle response option.
Ten per cent of all respondents did not use heating when it was cold, 44% used heating 'sometimes' , 22% 'often' and 24% 'always' when cold. The most commonly given reason for the home being colder than participants would like was to keep the cost of heating down. Twenty-eight per cent of respondents also claimed their homes were 'often' or 'always' hard to heat, but the majority (54%) claimed their home was 'rarely' or 'never' hard to heat. In comparison, only 14% of Wellingtonians claimed their homes were 'often' or 'always' hard to heat, with 57% reporting that their home was 'rarely' or 'never' hard to heat (Wellington City Council, 2015b) .
Temperatures fluctuated during the day. On average, dwellings were coldest in the morning and warmest in the evening (see Figure 4 and Table 4 ). The average living room and bedroom temperatures had a moderate but significant correlation with outdoor temperature (r=0.599 and 0.621 respectively, p<00.5).
Average energy meter readings ranged from 31.20 to 345.80kWh per week. On average energy usage was 127.20kWh per week. Pearson correlation showed that mean indoor temperatures for dwellings Maximum temperature (ºC)
Minimum temperature (ºC)
Note: Size of bubble refers to number of data loggers that recorded the same minimum and maximum temperatures. The further the bubbles are perpendicularly from the line, the larger the range. Note: household temperature data was pooled together from the loggers in each dwelling An example of how to read the table is as follows -those who considered their dwelling to be 'often cold' had 83% of their temperature readings below 18ºC * 0 respondents claimed their home was 'never' cold **77 out of 78 participants answered the question about how often their home was cold ***dwellings sum to more than 49, as some participants lived together had a significant moderate positive correlation with electricity usage information (r=0.576, p<0.05). The strength of correlation with indoor temperature was similar for both heating and outdoor temperature. Humidity readings ranged from 34%RH to 93%RH, with an average humidity reading of 68%RH. Approximately three quarters of humidity readings were over 60%RH, with a quarter of humidity readings over 75%RH. This is not ideal, as high humidity levels encourage growth of mould and bacteria and should be avoided (Environmental Protection Authority, n.d.). Thirty-one per cent of participants reported that their homes were 'often' or 'always' damp, 33% 'sometimes' , and 36% 'rarely' or 'never' damp. In comparison, 10% of Wellingtonians reported that their homes were 'often' or 'always' damp, 21% 'sometimes' and 70% 'rarely' or 'never' damp (Wellington City Council, 2015b).
Discussion
Independent readings found council housing, before the upgrade, both colder and more humid than recommended, which is concerning for tenants' health. Compared to city-wide findings, Arlington was also rated as colder, damper and harder to heat than Wellington housing in general. Although thermal comfort had a complex relationship with temperature data, this study found that, overall, comfort tended to decrease with lower temperatures.
Like Arlington, the average New Zealand home does not meet WHO temperature recommendations the majority of the time. Arlington's mean indoor evening temperature in the living room (15.6°C) was considerably less than the mean national temperature in the HEEP study (17.8°C). This is despite mean evening outdoor temperature being relatively similar between the studies (see Table 5 ). In the morning, Arlington's mean temperature was 0.6°C warmer in the living room and 1.9°C warmer in the bedroom than the mean national temperature, but outdoor temperature was 2.3°C warmer in our study.
Heating behaviour may explain the difference in evening living room temperature noted. The HEEP study found that New Zealanders typically heat one room, usually the living room, in the evening (Isaacs et al., 2010) . This accounts for the difference of 2.8°C between living room and bedroom temperatures in the HEEP study in the evening. In our study there is little variation between evening living and bedroom temperatures (0.3°C). This difference could be due to a lack of heating, with 10% of participants stating they never used heating when cold, compared to around 2% of New Zealand households who do not heat their homes at all (Howden-Chapman, Viggers et al., 2009 ). This may be due to the low income of social housing tenants (Statistics New Zealand, 2017), or to the size of dwellings, with heat transfer potentially easier between rooms in Arlington, which are typically apartments, compared to predominantly stand-alone houses in the HEEP study.
Comparing energy usage, participants in our study appear to use less energy than those in the HEEP study. The bottom 20% of energy users in the HEEP study consumed approximately 175kWh per week over winter, 1 nearly 40% more energy than the average weekly use in this study (127.20kWh per week) (Isaacs et al., 2006) . Using less energy could be to do with affordability. After deregulation, power prices increased 85% nominally or 41% in (1999, reported mean living room temperatures, and temperature differentials with the outdoors, for the southern part of the North Island, where Wellington and the Arlington dwellings are located (see Table  6 ). Arlington dwellings were colder, and had a lower temperature differential between indoors and outdoors. This implies that the council housing was colder than the average New Zealand household, although readings were taken at slightly different times of the year.
In New Zealand, houses built after 1 April 1978 required a minimum level of insulation. For the section of the Arlington complex built after 1978, the mean temperature was 15.2°C, compared to 14.6°C in the pre-1978 section. This difference aligns with findings from other studies about the effects of insulation and house age. On average, indoor temperature increased by 1°C after retrofitting a small amount of insulation to the subfloor and ceiling of uninsulated New Zealand homes (Howden-Chapman, Matheson et al., 2007; Howden-Chapman, Pierse et al., 2008) . The HEEP study found that post-1978 homes had on average 1°C warmer living room temperatures in the evening compared to pre-1978 homes (Isaacs et al., 2010) . With respect to house age, the HEEP study also found that on average temperature fell 0.20±0.05°C per decade (French et al., 2006) .
Given that Arlington is obviously considerably colder than desired, it is positive that Wellington City Council is trying to remedy the situation for its vulnerable tenants. It is recommended that all new council housing has a targeted minimum temperature of 18°C to meet WHO recommendations.
When the Labour Party's Healthy Homes Guarantee Bill (No 2) was put forward, the then building and housing minister, Nick Smith, claimed that a minimum temperature requirement for rental homes was 'impractical and stupid' , as landlords cannot control tenants' heating behaviour (Hansard, 2016a, p.1) . John Key, then prime minister, added that the bill only attempted to regulate indoor temperatures, as regulation could only be enforced after 'walking around other people's living rooms and bedrooms with a thermometer', which is impractical (Hansard, 2016b, p.1) . Our research shows that temperature measurements can be taken in an unobtrusive manner. Work by He Kainga Oranga, the Housing and Health Research Programme has also identified structural means to address the issue of cold housing.
Late in 2016 the Residential Tenancies Amendment Bill came into effect, requiring rental properties to be insulated to at least 1978 standards. The debate continues, though, as the initial proposer of the bill, Andrew Little, claimed erroneously that there was no point in insulating homes if they are not heated properly (Sachdeva, 2016) . It is noted that insulation by itself is insufficient to meet WHO indoor temperature recommendations, but it is a necessary precondition for effective heating.
In other temperate climates, such as the United Kingdom, average indoor temperatures have been increasing and are above WHO recommended levels. In national household surveys there, average winter living room temperatures were recorded as 18.3°C in 1978 and 19.1°C in 1996 , an increase of 0.4°C per decade (Mavrogianni et al., 2013) . Average bedroom temperatures increased to a greater extent by 1.8°C per decade, from 15.2°C in 1978 to 18.5°C in 1996. Policies should be enacted to ensure that New Zealand indoor temperatures are also improving.
Limitations
This study focused on low-income council housing tenants. However, out of necessity we compared our findings with nationally representative studies.
Average temperature changes demonstrate the overall trend, but hide a wide variation between individual dwellings, as demonstrated by the range of temperatures recorded. Minimum temperatures ranged from 6.0-14.5°C, with maximum temperatures ranging from 15.0-28.5°C.
Participants had varying definitions of what they perceived as cold. Homes where temperatures ranged from 6.0-15.0°C in one dwelling and 17.0-27.0°C in another were both rated by occupants as 'always' cold. Occupants in the same household also rated the warmth of their home differently.
An individual's exposure to different temperatures and therefore the health impact based on indoor temperature is unknown, as it is uncertain how much, when, and in what rooms individuals spend time at home. The notion that on average vulnerable New Zealanders spend 90% of their time at home indoors, when 87% of readings do not meet WHO recommendations, implies that residents are exposed to less than ideal temperatures for a substantial portion of time.
Policy implications
The council dwellings studied are thought to be colder than the average New Zealand houses. This aligns with expectations that owner-occupied houses are in better condition than rental housing. However, on average social housing is in better condition than private rentals (Buckett, Jones and Marston, 2011; HowdenChapman, Baker and Bierre, 2013) . With home ownership rates falling in New Zealand, more active government policies are needed to address housing conditions of rental properties. To be most effective a range of interventions to improve indoor temperature are required. As a first step, information should be provided to those in high-risk dwellings about how to reduce damp and cold. Housing New Zealand's graphic, 'Keeping your home warm and dry' , is a good resource (Housing New Zealand Corporation, 2017) . Such information can be particularly useful to people unfamiliar with New Zealand's climate and housing.
A free home energy assessment is available for Wellington and Upper Hutt city ratepayers. This educates people on the energy performance of their home and how they can adjust their behaviour to be more energy efficient, and provides a small subsidy for products such as draught stoppers and window insulation kits. Such an initiative could be rolled out across the country.
The government should provide adequate subsidies for insulating housing. Instead of wrapping up the Warm Up New Zealand: Healthy Homes insulation grants programme in June 2018 as planned by the previous government, this should be extended and the eligibility criteria expanded so that all housing is properly insulated. Insulation has been shown to have a positive benefit-cost ratio of five to one, with health benefits for occupants (Grimes et al., 2012) .
The government should also support a national roll-out of the rental warrant of fitness scheme to ensure that all rental properties meet acceptable health and living standards. The scheme is currently voluntary in Wellington, supported by the Wellington City Council. With respect to temperature-related interventions in dwellings, it looks at insulation as well as double glazing, effective curtains or blinds and weathertightness. Components need to meet adequate standards to pass (TelfarBarnard et al., 2017) .
Labour should implement its Healthy Homes Guarantee Bill (No 2), make changes to the building code, and adopt the winter energy payment it proposed (New Zealand Labour Party, n.d.), underpinned by research (Viggers et al., 2013) , so that tenants are able to maintain their dwelling at 18°C at reasonable cost. Wellington City Council and Housing New Zealand already build housing to a higher standard than the current building code, indicating it is insufficient.
The winter energy payment is intended for superannuitants and beneficiaries to spend on improving the warmth of their housing through heating and investing in draught-stopping and insulation. This is similar to the UK's winter fuel payments introduced in 1997, which provide household grants to improve energy efficiency, non-means-tested winter fuel payments for those over 60, and warm home discounts and cold weather payments for those on low incomes. The payments for older people have been criticised as unfocused and poorly targeted at those suffering from fuel poverty (Thurley and Kennedy, 2017) . However, research has attributed a reduction in deaths of 12,000 annually to the payments (Age UK, 2015; Iparraguirre, 2014) .
With respect to other related UK initiatives, the Home Energy Conservation Act 1995 requires local councils to have an action plan to improve the energy efficiency of housing in their area and report back to the government on progress (Test Valley Borough Council, 2017; UK Government, 2017) . A first report was to be completed by councils by 31 March 2017 and biennially after this. It will be interesting to see the impact on housing temperature and whether it should be adopted in New Zealand.
The temperature of New Zealand housing should be monitored on a systematic and ongoing basis, in order to determine whether the issue of cold housing is improving and in response to what initiatives. Temperature measures are currently being planned in conjunction with the next New Zealand General Social Survey in 2018.
Conclusion
New Zealand still has a way to go to meet minimum temperature recommendations. With New Zealand's high rate of excess winter mortality and 42,000 children hospitalised every year for diseases associated with unhealthy homes, this is something that should be addressed sooner rather than later. • Wellbeing -policy and practice
Early bird registration is available through to 25 June 2018. See more on the website: http://www.confer.nz/wellbeingandpublicpolicy2018
